Objective: This study aimed to examine whether activity limitation stages are associated with admission to facilities providing long-term care (LTC). Design: Cohort study using Medicare Current Beneficiary Survey data from the 2005-2009 entry panels. A total of 14,580 community-dwelling Medicare beneficiaries 65 years or older were included. Proportional subhazard models examined associations between activity limitation stages and time to first LTC admission, adjusting for baseline sociodemographics and health conditions. Results: The weighted annual rate of LTC admission was 1.1%. In the adjusted model, compared to activity of daily living (ADL) stage 0, the hazard ratios (95% confidence intervals [CIs]) were 2.0 (1.5-2.7), 3.9 (2.9-5.4), 3.6 (2.5-5.3), and 4.7 (2.5-9.0) for ADL stage I (mild limitation), ADL stage II (moderate limitation), ADL stage III (severe limitation), and ADL stage IV (complete limitation), respectively. Compared to instrumental ADL (IADL) stage 0, the hazard ratios, and 95% CIs for IADL stages I to IV were 2.0 (1.4-2.7), 3.7 (2.6-5.4), 4.6 (3.3-6.5), and 7.6 (4.6-12.3), respectively. Conclusions: Activity limitation stages are strongly associated with future admission to LTC and may therefore be useful in identifying specific supportive care needs among vulnerable older community-dwelling adults, which may reduce or the delay need for admission to LTC.
to LTC. Activities of daily living and IADLs are often used in assessments of need for LTC. Simple counts of limitations in ADLs and IADLs are associated with admission to LTC. [4] [5] [6] [7] [8] [9] [10] 14, 15 Previous studies have found that older community-dwelling adults with three or more ADL limitations compared to a count of one or two limitations are more likely to be admitted to LTC. 5, 6, 8, 14 One study showed a monotonic relationship between the number of ADLs for which individuals needed help and the risk of admission to LTC. 6 In addition, greater difficulty performing IADLs is associated with admission to LTC. 4 Because disability has already been shown to be associated with mortality, [16] [17] [18] falls risk, 19, 20 patient's satisfaction, 21 and hospital readmission, 22 a better understanding of the relationship between disability and admission to LTC may highlight needs for specific supportive care for vulnerable older community-dwelling adults. However, although older adults with more ADL limitations are assumed to have more severe disabilities and need more support, simple counts do not convey information about the particular activities that older adults are able to perform without difficulty. For example, person A has difficulty eating and toileting, whereas person B has difficulty walking and getting in/out of bed. Although these two people have the same count of limitations, the patterns of their limitations are very distinct and different from each other, which require different planning and care coordination. A recent article by Fong et al. 14 calls attention to the fact that knowing just the number of limitations is not enough and there is a need to look past simple counts of ADL limitations to be able to inform clinicians which limitations specifically cause the need for LTC. Thus, activity limitation stages were developed to represent both the severity and types of limitations experienced and to specify clinically meaningful patterns of increasing difficulty with self-care items. 23, 24 Inspired by the TNM (tumor, nodes, metastasis) cancer staging system and its applications, 25 which attests to the value of incorporating different domains in cancer staging to understand the status and prognosis of people with different types of cancer, different domains are incorporated in these disability staging systems to better characterize the status, prognosis, and needs of people with different types of disabilities. The activity limitation staging structure reflects two concepts essential to understanding the implications of activity limitation: the domain (ADL or IADL) and the particular activities limited within that domain. Although counts of limitations are the simplest and most easily derived measure of severity, activity limitation staging may have more use to clinicians because it provides populationlevel benchmark profiles that classify people in ways that are more clinically interpretable than other population-level aggregated disability measures. 24 These disability profiles can inform clinicians specifically which activities people have difficulty with rather than just the number of activities that are limited. Furthermore, understanding the amount of difficulty that an individual experiences when performing each activity in the context of the overall severity of disability may help to explain the relative importance of specific types of functional limitations in predicting admission to LTC.
The aim of the present study was to examine whether and how activity limitation stages are associated with time to first LTC admission. The hypotheses included that persons 65 years or older with any limitations in ADLs (ADL stage I or higher) would be more likely to be admitted to facilities providing LTC compared to those without ADL limitations and that persons 65 years or older with any limitations in IADLs (IADL stage I or higher) would be more likely to be admitted to facilities providing LTC compared to those without IADL limitations.
METHODS
This study was approved by the Institutional Review Board at the University of Pennsylvania. Consent was not required owing to the use of administrative data. This study conforms to all STrengthening the Reporting of OBservational studies in Epidemiology guidelines and reports the required information according to cohort studies (Supplementary Checklist, http:// links.lww.com/PHM/A348).
Data Source
Data from the Medicare Current Beneficiary Survey (MCBS), a systematic, representative population-based survey conducted by the Centers for Medicare & Medicaid Services (CMS), were used. [26] [27] [28] Survey weights are used to account for nonresponse, and the MCBS oversamples those 80 years and older because of their special needs. 27 Sample persons or their proxies are interviewed about their functioning and health conditions during the autumn of their entry year into the survey and each subsequent autumn, and about their health care use starting January 1 after their autumn interview. Each beneficiary or proxy is interviewed periodically over 4 years (entry year and the following 3 years).
Study Cohort
The baseline sample was defined from the entry panels of the 2005-2009 MCBS Cost and Use files (n = 14,580) and only included community-dwelling beneficiaries 65 years or older.
Study Outcome
The outcome was time to LTC admission within the year after each autumn interview. Time to admission to facilities providing LTC, either short or long stay, was determined from the time between the autumn interview to the date of admission to LTC during the following year. Admission to LTC information was obtained from the 2006-2010 residential timeline record in the Cost and Use files. The MCBS uses a broad definition for LTC, including licensed nursing homes and other LTC facilities such as retirement homes, domiciliary or personal care facilities, mental health or mental retardation facilities, continuing care facilities, assisted living facilities, and rehabilitation facilities. Long-term care facilities must have three or more LTC beds and provide continuous supervision, personal care, or LTC. 28 Long-term care does not include admissions to skilled nursing facilities or inpatient rehabilitation facilities because those admissions are not necessarily captured using the residential timeline record. Thus, the only admissions that are included in our study as the outcome are the ones obtained from the residential timeline record and that are part of the MCBS's broad definition of LTC.
Primary Variables of Interest
The primary variables of interest in this study were activity limitation stages, which have been described previously. 23, 24 In brief, activity limitation stages define the person's preserved and limited activities within two domains, ADLs and IADLs. Each domain includes six activities. The ADL items are eating, toileting, dressing, bathing/showering, getting in or out of bed/ chairs, and walking. The IADL items are using the telephone, managing money, preparing meals, doing light housework, shopping for personal items, and doing heavy housework. The sample person or proxy answers questions based on the level of difficulty a person has on performing the six activities in a given domain. There are a total of five stages within each domain: 0, no limitation; I, mild limitation; II, moderate limitation; III, severe limitation; and IV, complete limitation. Thus, higher numbered stages reflect greater disability and less preserved function except for stage III, which is designed to be the nonfitting stage. Health conditions included comorbidities or events that a doctor had told the beneficiary were present or that occurred within the past year. With some conditions noted in Table 1 , the timing of diagnoses was also measured, that is, diagnosis within the past year or more than a year ago. The medical conditions were Alzheimer disease; amputation; angina or coronary artery diseases; arthritis other than rheumatoid; broken hip; cancer other than skin; congestive heart failure; depression; diabetes type 1, 2, or other; emphysema/asthma/ chronic obstructive pulmonary disease; hardening of the arteries; heart rhythm disease; heart valve disease; hypertension; incontinence/catheterization; mental or psychiatric conditions; mental retardation; myocardial infarction; osteoporosis; paralysis; Parkinson disease; rheumatoid arthritis; and stroke.
The primary variables of interest and all the covariates were obtained from the Cost and Use files at each autumn interview for 3 years. The fourth interview was not used as there was no subsequent follow-up time.
Analysis
To characterize the cohort included in this analysis, variables across the ADL and IADL stages at the first autumn interview were examined first. Time to admission to LTC was observed from the autumn interview until the next autumn interview. Thus, information regarding one beneficiary was potentially included in the model three times, and repeated measures were accounted for by using robust sandwich variance estimates. 29 This approach allowed us to examine the proximal association between stage and LTC admission and made use of all available data. Fine and Gray Proportional subhazard models 30 using PHREG procedure were used where sample persons were followed from baseline (each autumn Cost and Use survey) to admission to LTC. These models produce hazard ratios (HRs) and 95% confidence intervals (CIs). Death was treated as a competing risk 30 so that factors associated with death would not artificially appear to be negatively associated with admission to LTC.
One model per activity limitation stage domain (ie, ADL and IADL) was fit to examine the association with time to admission to a facility providing LTC. The models included stage plus age, sex, race, education, living arrangement, dual eligibility, proxy status, and the health conditions earlier listed. The ADL and IADL activity limitation stages were analyzed separately because the two domains are highly collinear and development of the stages identified them as separate constructs supported by factor analysis. 23, 24 The proportional hazards assumption was tested to determine if the HRs remained constant over time in the adjusted ADL and IADL models. To test this assumption, the interaction between each covariate in the final model and time to LTC admission was examined. Such interactions with P < 0.05 would be included in the adjusted models.
All statistical analyses accounted for complex sampling including weight, clustering, stratification, and multiple observations per person. SAS 9.4 (SAS Institute, Inc, Chicago, IL) 31 was used for all the analyses. Specifically, we used PROC SURVEYFREQ to obtain results for Table 1 , and the sampling cluster variable was specified in the CLUSTER option. For the models, we treated sampling strata and clusters as the strata in the stratified proportional subhazard model. In other words, each cluster in a stratum can have a different baseline subhazard. We also performed a sensitivity analysis by specifying sampling clusters in the ID option to account for the correlation (the other level of correlation is the beneficiary as one beneficiary can contribute up to three observations) in PHREG procedure. P values were two-sided, with statistical significance defined as P < 0.05.
RESULTS
There were a total of 14,580 beneficiaries included in the sample. Some beneficiaries were missing information on covariates that were included in the models and were therefore excluded from the analyses (Fig. 1) . Thus, 14,573 beneficiaries were included in the ADL stages analyses and 14,570 beneficiaries were included in the IADL analyses. The number of deaths during the study period (n = 760) compared to the number of admissions to LTC-confirmed treatment of death as competing risk in the model was appropriate. Table 1 shows the baseline characteristics by ADL and IADL stage. Older beneficiaries were more likely to be at .2) 1093 (43.2) 480 (45.6) higher activity limitation stages. Those at higher activity limitation stages generally had a higher number of comorbidities.
The weighted annual rate of admission to LTC was 1.1% (459 admissions of 32,485 possible observations of 14,580 beneficiaries). The proportional hazards assumption was not violated for any variable in either the ADL or IADL model.
The associations between stage above 0 and admission to LTC were strong and statistically significant. The increase in HRs with stage was monotonic in the IADL model and monotonic except for stage III in the ADL model (Fig. 2) . More specifically, compared to ADL stage 0, the HRs and 95% CIs were 2.0 (1.5-2.7), 3.9 (2.9-5.4), 3.6 (2.5-5.3), and 4.7 (2.5-9.0) for ADL stages I, II, III, and IV, respectively. Compared to IADL stage 0, the HRs and 95% CIs for IADL stages I to IV were 2.0 (1.4-2.7), 3.7 (2.6-5.4), 4.6 (3.3-6.5), and 7.6 (4.6-12.3), respectively.
The results from the sensitivity analysis were similar to the main results in that all the results remained statistically significant.
DISCUSSION
The main finding of this study was that activity limitation stages are strongly associated with admission within 1 year to facilities providing LTC, adjusting for well-known risk factors for admission to LTC including dementia and Alzheimer disease. 4, 9, [32] [33] [34] [35] For the ADL stages, the HRs increased monotonically, except at stage III. This was expected, since by design, stage III is nonfitting, that is, capturing nonhierarchical Association between ADL and IADL stages and admission to facilities providing long-term care. Reference, stage 0; hazard ratios (HRs) and 95% confidence intervals (CIs) are from the fully adjusted models (ADL or IADL stage in separate models, age, sex, race, education, living arrangement, dual eligibility, proxy status, and health conditions (Alzheimer disease; amputation; angina or coronary artery diseases; arthritis other than rheumatoid; broken hip; cancer other than skin; congestive heart failure; depression; diabetes type 1, 2, or other; emphysema/asthma/chronic obstructive pulmonary disease; hardening of the arteries; heart rhythm disease; heart valve disease; hypertension; incontinence/catheterization; mental or psychiatric conditions; mental retardation; myocardial infarction; osteoporosis; paralysis; Parkinson disease; rheumatoid arthritis; and stroke)). The y-axis is the hazard ratios and the x-axis is the ADL or IADL stages.
patterns of activity limitation that do not meet the definitions for assignment to stage II or IV. The HR doubled from ADL stage 0 to ADL stage I and then almost doubled again from ADL stage I to ADL stage II. Moreover, the relationship with IADL stages was monotonic. The hazard increased by more than 1.5-fold between IADL stage III and IADL stage IV.
Admission to LTC is associated with factors such as demographic characteristics, health status, and lack of social support. 36 A myriad of complex mechanisms may underlie these well-known relationships, including disease severity, presence of a disabling condition, living environment and circumstances, insurance coverage, and financial status. Efforts to maintain or improve function have received less attention than deserved. Similar to TNM staging in which new diagnostic imaging procedures have been better at predicting survival rates among patients with lung cancer, 37 activity limitation staging is an emerging approach intended to more explicitly capture the activities people are still able to do without difficulty in sharp contrast to counts of limitations, which only provide information in the number of activities that are limited. In this study, prior findings have been extended by evaluating the relationship between activity limitation stages and admission to LTC. Knowledge of the strong association between specific patterns of activity limitation and admission to LTC could help stimulate the development of "personalized" therapeutic or care strategies or programs to ameliorate the effects of disabilities in older adults, potentially improving the performance of those activities most critical to averting admission to LTC. This, in turn, could enable older adults to "age in place" in the community for extended periods of time, leading to improvements in quality of life.
The results were consistent with our a priori hypotheses. One hypothesis was that persons with any ADL limitation (stage I or higher) would be more likely to be admitted to LTC compared to those without ADL limitations. Other researchers have shown that disability in bathing was associated with an increased risk of admission to LTC, 38 which corresponds to ADL stage II. This study found an increased risk beginning at ADL stage I, with some additional risk at stage II. Persons at ADL stage I may have difficulty walking and/or getting in and out of a bed or chair, whereas those at ADL stage II in addition may have difficulties dressing and/or bathing. For a person at stage I, the activities of walking and/or getting in and out of a bed or chair have become difficult. Difficulties and the lack of someone to help at home with these tasks could trigger admission to LTC. Unlike the approach used by Gill et al., 38 the activity limitation stages used in this study looked at difficulty experienced in doing the activity and not at the receipt of help from a second person. However, the significant association between stage I and LTC suggests that difficulty with these tasks may be strongly correlated with need for help. This could explain why stages based on self-or proxy-reported difficulty are associated with admission to LTC, beginning at stage I.
Instrumental ADLs may be affected more by living arrangement than ADLs are. No or low levels of social support (ie, being single or only living with children) has been noted as a risk factor for admission to LTC. 4 The relationships among disability, extent of help needed, caregiver availability to meet that need, and changes in degree of caregiver burden are all likely to be important in explaining risk of admission to LTC.
Moreover, the types and patterns of activity limitation revealed by the IADL stages can be used to identify targets for interventions aimed at mitigating specific factors that increase the risk of admission to LTC in subsets of the Medicare population. For example, the telephone activity in the IADL domain might be more important than any of the ADL items, since the person cannot call for help. Although electronic sensors on medical alert systems may be worn by patients to automatically call caregivers or 911 when assistance is needed in emergency situations, those at greatest risk for admission to LTC may be patients who lose the ability to use the telephone to call for help in routine and semiurgent (but nonemergency) situations, and therefore can no longer be left alone during part of the day or night. Persons who experience difficulty using the telephone are, by definition, assigned to IADL stage III. Among elders who progress to IADL stage III, those with only part-time on-site caregivers may represent another subpopulation at higher risk for admission to LTC that may benefit from a targeted intervention. In comparison, those at IADL stage II may have difficulty preparing meals, doing light housework, shopping, and/or doing heavy housework. These items may not be applicable to the beneficiary himself as someone else may do the activity because of nonhealth reasons, 39 but people at these two distinct stages require different care needs and support systems. In particular, stage III of the activity limitation staging system allows categorization of those tasks that are not part of the normal hierarchy of difficulty. 23, 24 Policy makers or administrators can recognize specific areas where beneficiaries may need help. Those categorized at stage III will need a broader range of services since stage III is atypical. Traditional instruments that measure disability such as counts of ADL or IADL limitations misses the opportunity to specify both the severity and type of limitation the beneficiary experiences.
This study has limitations that deserve comment. Since survey data were used, there is the possibility of recall bias by the study participant. In addition, the survey data were obtained through self-or proxy responses. The sample person may not have answered the same way that the proxy answered for the beneficiary, since there may be differences in perception of difficulty in performing various ADLs and IADLs 23 ; however, proxy responses were included and controlled for because it was shown that bias could be introduced when proxy responses are excluded. 40 There may be unobserved variables (ie, prior falls) that are associated with admission to LTC. Cognition as a covariate was not included in the models, since it was unavailable. We were unable to account for the complicated issues surrounding caregiver availability in the analysis, such as the caregiver's availability or willingness to meet the beneficiary's need or the change in degree of caregiver burden's ability to help the beneficiary. Although in our adjusted models, beneficiaries who were Medicare and Medicaid dual enrollee had more than four times the hazards of LTC admission compared to beneficiaries with Medicare alone, we were not able to adjust for differences by state or for admissions (or lack thereof ) to LTC owing to Medicare or Medicaid eligibility requirements. It is also worth mentioning that the MCBS uses a broad definition of LTC and does not ask sample persons to distinguish between short and long stays in facilities. Similarly, many of the listed LTC facilities are quite different in nature.
Furthermore, there may be an issue with selection bias, which may affect the outcome. Patients may be admitted to other settings before being admitted to LTC. Future research will need to look at a parsimonious set of variables that predict admission to LTC among Medicare beneficiaries. Knowledge of these factors will help develop future policies to delay or prevent admission to LTC. Activity limitation stages might serve as a useful tool to identify personalized environmental supports or rehabilitation strategies to prevent functional decline. Future work should aim to identify effective interventions in population subsets with patterns of activity limitation that place them at greatest risk for admission to LTC.
Activity limitation stages are powerful predictors of admission to facilities providing LTC. Activity limitation staging, by grouping people across distinct domains of disability, offers an innovative approach to planning for the care needs of the aging population and represents a potentially useful tool for changing and tracking adverse outcomes. Knowing which specific limitations the person has is important for admission to facilities providing LTC by being able to adequately target care and help in anticipating future health care planning. Our results underscore the importance of early interventions to support community-dwelling people at ADL or IADL stage I (mild limitations). If both known limitations are captured among people earlier and unknown limitations are recognized earlier, strategies may be developed for maintaining their community-dwelling status at milder activity limitation stages longer. A further understanding of the associations of activity limitation stages with adverse outcomes is necessary for establishing approaches to track the potential benefits of interventions at the population level to improve independent living for people with disabilities. The greater specificity of disability profiles depicted in activity limitation stages can be used to enhance communication across lay and professional audiences, better projecting supportive care needs and better targeting initiatives to subgroups of older adults, with the goal of delaying or preventing admission to LTC and preserving quality of life.
